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Abstract
TITLE: Effects of Cultural Factors in Sports-Related Concussion Testing
Performance of Collegiate Athletes
AUTHOR: Gabriela A. González, M.S.
MAJOR ADVISOR: Frank Webbe, Ph. D.
The purpose of the current study was to explore potential differences in
preseason baseline concussion testing between an ethnically and linguistically
diverse sample of Division 2 NCAA collegiate student-athletes. A value-added
second aim was to create awareness regarding the implications of multiculturalism
as it relates to neuropsychological testing of sport related concussions. This study
is part of a, slow yet steady, growing body of research concerning diversity issues
within the sport setting. 479 Division II collegiate athletes from the Florida
Institute of Technology were assessed during mandatory preseason baseline testing.
The Immediate Post-Concussion Assessment and Cognitive Testing, the Sports
Concussion Assessment Tool 3rd Edition (SCAT-3), the Rey Word Recognitions
Test, the Rey Dot counting Test, and the Patient Health Questionnaire were used to
identify neurocognitive as well as behavioral and emotional functioning differences
between individuals with different first languages, as well as from self-reported
diverse ethnic backgrounds. Multivariate comparisons between groups yielded
significant findings between neuropsychological test performance on commonly
used sports related concussion measures and ethnicity. Furthermore, first language
demonstrated to be a significant factor in Immediate and Delayed recall tasks of the
iii

SCAT-3. The author concluded that significant findings were overall small and
mainly observed in individual tasks and subscales and not often seen in the overall
total or composite scores of the various measures. Other findings demonstrated
improved memory abilities in English as a second language speakers when
compared to English as a first language student-athletes. This result may be of
clinical relevance and warrants further research.
Keywords: cultural sports neuropsychology, language and neurocognitive
performance, sports-related concussion testing, bilingual, language and
memory, concussions
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Effects of Cultural Factors in Sports-Related Concussion Testing Performance
of Collegiate Athletes
Introduction
According to the National Collegiate Athletic Association’s (NCAA, 2016)
and the National Association of Intercollegiate Athletics’ (NAIA, 2016)
demographics data, student-athletes make up more than half a million of the overall
United States collegiate student population. Hence, it should be no surprise that
student-athlete members of ethnic minority groups make up a significant portion of
the aforementioned U.S. collegiate student-athlete sample. As described in the
NCAA demographics report (2016), collegiate student-athletes that make part of
ethnic minority groups account for nearly 30% of the overall NCAA student-athlete
population. Specifically, African Americans make up approximately 16%, Asians
account for 2%, and Hispanics/Latinos and Nonresidents separately account for 5%
of the overall NCAA collegiate student-athlete population. Despite the noticeable
presence of cultural diversity within the collegiate sport setting—as well as the
universal nature of sports participation—cultural and linguistic differences are
often times overlooked or even ignored. As a potential result, cultural factors are
rarely taken into consideration when assessing neuropsychological performance to
detect sports-related concussions (SRCs). The apparent lack of cultural awareness
is not only observed in the clinical realm, but it is seen in the limited availability of
research that addresses multicultural issues within the sports neuropsychology and
sports concussion management field. Way too often, student-athletes are forced to
1

complete neuropsychological tools designed and normed using a cultural a majority
group sample. Unfortunately, to this date, there has been limited attempts to
research and develop empirical data regarding the potential effects of cultural
variables on the various English-only concussion measures. Hence, there is a
strong sense of urgency to invite our ethnic minority collegiate student-athletes in
the sports neuropsychology and SRC management conversation. As a result, we
will be more likely to ensure and advocate for fair and safe sports participation
across the board.
Broadly speaking, this research aims to increase awareness regarding the
potential effects of various cultural factors in sports concussion management. The
researcher intends to identify potential variation in a culturally diverse sample of
collegiate student-athlete’s neurocognitive performance. More specifically, this
research aims to study the potential interactions of cultural factors—mainly first
language and ethnic background—on neuropsychological test performance of
collegiate student-athletes on commonly used sport-related concussion assessment
tools. Furthermore, the author intends to urge sports neuropsychology test creators
to develop culturally sensitive measures. By doing so, a more adequate and reliable
picture of collegiate student-athlete’s neuropsychological abilities at the time of, or
prior to, a SRC may be assessed.
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Review of the Literature

What is a Sports-Related Concussion (SRC)?
The Centers for Disease Control and Prevention (CDC, 2016) estimated that
up to 4 million SRCs are reported yearly. Daneshvar and collaborators (2011)
suggested a continual increase in reported SRCs since recent years and credited this
to greater efforts made by practitioners and researchers to educate the population
about this particular type of brain injury. In 2017, the Berlin expert panel developed
a consensus statement on concussion in sport that modified previous definitions of
SRCs. The Berlin expert panel defined a SRC as a “traumatic brain injury induced
by biomechanical forces (McCrory et. al, 2017, p. 2).” Furthermore, current
characterizations of SRCs adopt a neurophysiological rather than neuroanatomical
foundation for concussion (Lovell et.al, 2010).
McCrory and collaborators (2017) further identified prevalent
characteristics that may be useful for illustrating the nature of a SRC. These
features characterized concussive head injuries, or SRCs, as follows:
1. SRCs are a prospective result of a direct blow to the head, face, and neck, or
an indirect hit to the body with an “impulsive force transmitted to the head.”
2.

SRCs characteristically result in the rapid onset of short-lived neurological
deficits that will—most likely—clear up on their own. In atypical cases,
symptoms do not follow their “sequential course” and neurological
manifestations that result from SRCs evolve over a longer course of time.
3

3. SRCs are functional brain injuries with no visible or detectable brain
abnormalities on structural neuroimaging studies.
4. SRCs do not always involve loss of consciousness (McCrory, et al., 2013, p.
250).
Existing literature identified several neuropsychological deficits following a
SRCs; these include difficulties in attentional, memory, and neurocognitive speed
processes (Echemendia & Cantu, 2003; Erlanger et al., 2003; McCrea et al., 2003;
McCrory et al. 2017). Furthermore, athletes that are suspected to have experienced
a SRC often experience an array of symptoms that may include somatic complaints,
cognitive difficulties, maladaptive emotional manifestations, and other observable
symptoms (i.e. balance impairment, behavioral changes, and sleep disturbances).
Figure 1 details specific symptoms associated with mental processes or cognitions,
somatic or physical complaints, emotional disturbance, and other observable
symptoms (CDC, 2010; PCS, 2017). It should be noted, some experts in the field
argue that emotional reactions may not be direct symptoms of sports-related
concussions, but rather direct responses to the adjustment process following these
injuries (Iverson, 2017). However, there is no available empirical research that
supports this asseveration.

4

Figure 1: Common SRC symptomatology
Physical Symptoms
Headache
Nausea or Vomiting
Balance Problems
Fatigue or feeling tired
Vision Problems
Sensitivity to light/noise
Numbness or Dizziness
Sleep Disturbances
Dizziness
“Pressure in head”

Cognitive Symptoms
Difficulty concentrating
Difficulty remembering
Difficulty thinking clearly
Feeling slowed down
Feeling like “in a fog”
Emotional Symptoms
Irritability
Increased Emotionality
Sadness
Nervousness or
Anxiousness

Observable Symptoms
Confusion
Repetitiveness
Slow Processing Speed
Loss of consciousness
Personality changes
Forgetfulness
Note: Presentation varies
across cases with more or
less of these appearing at
a certain time.

McCrea and collaborators (2013) explained that for adults the expected
clinical recovery from SRC tends to occur within 10-14 days of impact. Along the
same lines, researchers note neurocognitive and behavioral deficits may continue to
occur within a 2 hour to 10-day timeframe following the initial injury (Echemendia
& Cantu, 2010). However, a small percentage of athletes may continue to
experience SRC related symptoms beyond the aforementioned typical window of
recovery. Athletes who experienced loss of consciousness, and other more severe
symptoms following SRC where more likely to experience a more prolonged
recovery (McCrory et. al, 2017). SRC management protocols identify physical and
cognitive rest as the most widely accepted intervention, and that engaging in rest
should ease discomfort during the acute recovery period (24-48 hours following
impact) (Moser, Glatts, Schatz, 2012; McCrory et. al, 2017). However,
neuropsychologist and other practitioners encourage SRC patients to gradually and
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progressively become more active, while staying below “symptom exacerbation
thresholds (McCrory et. al, 2017).”
Figure 2: SRC Typical Progression Model
Direct/indirect impact
to head or body occurs
Functional/metabolic
cerebral abnormalities
Neurological
malfunction and rapid
onset of symptoms
Clinical recovery
within 1-2 weeks

Role of neuropsychology in assessing SRCs
Barth and collaborators (2003) formally defined the neuropsychologist as follows:
A clinical neuropsychologist is a professional within the field of psychology
with special expertise in the applied science of brain-behavior relationships.
Clinical neuropsychologists use this knowledge in the assessment,
diagnosis, treatment, and/or rehabilitation of patients across the lifespan
with neurological, medical, neurodevelopmental and psychiatric conditions,
as well as other cognitive and learning disorders. The clinical
neuropsychologist uses psychological, neurological, cognitive, behavioral,
and physiological principles, techniques and tests to evaluate patients’
neurocognitive, behavioral, and emotional strengths and weaknesses and
their relationship to normal and abnormal central nervous system
functioning. (p. 454)
Echemendia and colleagues (2012) recognized clinical neuropsychologists
and formal neuropsychological assessment plays an important and unique role in
6

the research, diagnosis, and treatment of SRCs. They concluded clinical
neuropsychologists are uniquely qualified to evaluate and interpret an athlete’s
neuropsychological functioning following a SRC, develop treatment
recommendations, monitor progress, address potential emotional repercussions of
SRCs, and provide return to play clearance following recovery.
Sports neuropsychologists also have an active role in researching this
phenomenon, creating widely accepted standardized sport-related concussion tools
and symptom checklists, as well as developing and promoting evidence-based
treatment protocols (Echemendia, et al., 2012; Gioia, Schneider, Vaughan, &
Isquith,2009; Lovell & Collins, 1998; Randolph et al., 2009). Lovell and
collaborators (2010), agreed that formal neuropsychological assessment played a
prominent role in concussion management. Similarly, Maroon and colleagues
(2000), described neuropsychological testing as an effective and essential approach
to obtaining relevant data on both the immediate and long-term effects of SRCs.
They argued that test results are key to those making important return-to-play
decisions.

Defining Culture, Race, and Ethnicity
Culture is considered to be a highly inclusive term (Hays, 2008). The
construct of culture first made its debut in 1871 when Edward B. Tylor, an English
anthropologist, defined culture as a multifaceted interaction amongst “knowledge,
belief, art, law, morals, customs, and any other capabilities and habits acquired by
7

man as a member of society” (p. 1). In 1984, Hofstede defined culture as a shared
mindset which differentiated the members of one particular group of people from
others. The Substance Abuse and Mental Health Services Administration
(SAMHSA) (2014) developed a more contemporary explanation of culture and
defined this construct as a collection of “shared values, beliefs, customs, behaviors,
traditions, institutions, arts, folklore, and lifestyle (p. 11).” Moreover, members of
a particular culture often share similar interpersonal and socialization patterns, a
common style of communication and language, geographic location of residence,
and patterns of dress and diet. Other identified common elements that distinguish
one group from another include gender roles, communication styles and role of
language, traditions, learning modalities and acquisition of knowledge and skills,
assumptions and stereotypes, and sources of acquiring and validating information.
As previously stated by SAMHSA (2014), these criteria distinguish a particular
cultural group from another, and are shaped by a dynamic interplay among specific
cultural factors that shape a person’s identity, including race, ethnicity, religion,
socioeconomic status, and others.
Researchers agree that when considering the beliefs, values, and behaviors
of an individual or group, it is often more relevant to discuss ethnicity rather than it
is to consider race (Hays, 2008). This is mainly because the concept of race is
considered to be an unscientific social construct used to classify individuals based
solely on geographic location and physical attributes (Sternberg, Grigorenko, &
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Kidd, 2005; Spickard, 1992). McGoldrick and collaborators (2006) defined
ethnicity as:
“...the concept of a group’s “peoplehood,” refers to a group’s commonality
of ancestry and history, through which people have evolved shared values
and customs over the centuries. Based on a combination of race, religion,
and cultural history, ethnicity is retained, whether or not members realize
their commonalities with one another. Its values are transmitted over
generations by the family and reinforced by the surrounding community. It
is a powerful influence in determining identity. It patterns our thinking,
feeling, and behavior in both obvious and subtle ways, although generally
we are not aware of it. It plays a major role in determining how we eat,
work, celebrate, make love, and die.” (p. 2)
Hays (2008) warns against several complications when referring to
ethnicity. These included the varying definitions of this particular construct across
countries which have created a debate on which ethnic groups may fall into the
ethnic minority category. Hays (2008) also highlighted how broad some of these
ethnic categories seemed to be considering how heterogeneous individuals in a
single ethnic group can be. Hays (2008) added that some individuals prefer to be
more specific when addressing their ethnic identity. One last complication,
described how geographic differences could also have an effect on an individual’s
self-identification. For instance, Comas-Díaz (2001) noted how the term Hispanic
could be offensive for individuals of Brazilian heritage given they did not consider
themselves part of the Spanish culture.

Current multicultural issues in SRC assessment
9

In 1997, Artiola i Fortuny & Mullaney argued the field of neuropsychology
had gained remarkable popularity within both the clinical and research psychology
arena. Fast forward two decades, and this statement continues to resonate within
the clinical neuropsychology field and accompanying sub-disciplines such as sports
neuropsychology. That is to say, the development and increased popularity of
neuropsychological measurements that adopt quantitative approaches to measure
and discern human behavior based on normative data continues to expand as the
field advances (Artiola i Fortuny & Mullaney, 1997). Sports neuropsychology,
particularly sports concussion research and assessment, has recently gained
widespread popularity, with growing interest to assess and manage sports related
mild traumatic brain injuries effectively and precisely (Fainaru-Wada & Fainaru,
2013; Lovell, 2009; Moser, 2007).
Unfortunately, these advances are more commonly observed within the
English-Language context (Artiola i Fortuny & Mullaney, 1997). Way too often,
clinical neuropsychologists run into the roadblocks of being unable to assess nonEnglish speakers using a reliable, valid, and ethical approach. In turn, this makes
the potential access and implementation of adequate interventions and care of
neurological disorders—including SRCs—unattainable and inaccurate for a vast
majority of the U.S. population. Weinberg and collaborators (2000) indicated one
of the most important aspects of sport psychology is the influence and
understanding of social psychological and sociocultural factors in sport settings.
We can extrapolate this asseveration into the sports neuropsychology field. In
10

other words, we recognize and understand the importance of cultural and linguistic
factors in the sports neuropsychology field and recognize the increasing need for
comprehensive assessment of neuropsychological test performance across a wide
variety of cultures.
The U.S. Census Bureau 2010 report showed white North American
population increased at slower rate than rest of population, and depicted a
population rise in other minority groups. Furthermore, the report suggested
multiple race reporting increased by almost 40%. Hispanic and Asian populations
grew by 43%, and those who endorsed the “Other” option grew by 24%. The actual
status of neuropsychological practice among culturally and linguistically diverse
individuals raises ethical questions (U.S. Census, 2010; Manly, 2009). Echemendia
and Harris (2002) suggested there is a strong need for Spanish language
neuropsychological tests and protocols with appropriately derived normative data.
We can take this statement even further, suggesting that there may also be a need
for these commonly used neuropsychological measures to be translated in other
popular languages.
Although there is a need to develop culturally sensitive instruments that
help detect SRCs, the use and development of cross-cultural neuropsychological
assessment is somewhat stagnant in the sports neuropsychology field. To date,
there have been limited attempts to research and develop empirical data regarding
the potential effects of linguistic abilities, and other sociocultural variables, on the
various English-only concussion assessment tools. Nonetheless, there is some
11

evidence that suggested sociocultural factors may affect an individual’s
neurocognitive performance (Heaton, Grant, Mathews, 1996). Echemendia and
Harris (2004) noted lower neuropsychological test performance scores in
Hispanic/Latino Americans as compared to White North American counterparts.
More specifically, they identified cultural factors such as experience living in the
United States, education, and preferred language or bilingualism as potent variables
that affect an individual’s performance in neuropsychological instruments (Harris,
2004). Other past research related to the potential effects of culture on
neuropsychological testing performance also suggested a tendency of poor
performance in minority groups when compared to their White North American
counterparts (Anastasi & Urbina, 1997; Strauss, Sherman, & Spreen, 2006). On
that same line, researchers suggested that African Americans and Hispanic
Americans have lower scores in various neuropsychological measures and attribute
these difference to societal disadvantages of those particular groups including poor
reading abilities as a result of low levels of education (Baird, Ford, & Podell, 2007;
Byrd, Miller, Reilly, Weber, Wall, & Heaton, 2006; Echemendia & Harris, 2004).
Jones and collaborators (2014) compared neuropsychological performance of
professional baseball players using the Immediate Post-Concussion Assessment
and Cognitive Testing (ImPACT), a computerized tool to assess cognitive
functioning following a SRC. They observed that Spanish-speaking players
performed significantly worse on the majority of the domains assessed, including
verbal and visual memory, visual motor speed, reaction time, and total number of
12

symptoms reported. After considering years of education, both findings within the
verbal memory and total symptoms reported domains became non-significant.
These researchers concluded sociocultural differences may have an effect in
computer-based neuropsychological assessment scores. On a separate study, Ott
and colleagues (2014) found that high-school aged monolingual (English) athletes
outperformed their bilingual English-Spanish counterparts on all measured domains
of the ImPACT. Altogether, the findings of the aforementioned researchers
highlight the importance of considering cultural and linguistic factors when
interpreting test scores on the various concussion tools. Tsushima and colleagues
(2017), on the other hand, observed no significant differences across the various
ImPACT composite scores in their reportedly diverse sample. However, their
studied sample was markedly imbalanced, with a significantly higher number of
participants being of non-Native descent compared to a relatively small “diverse”
sample.

Relevant Ethical Considerations
According to Standard 9.01 of the Code of Ethics for Psychologists on
Bases for Assessments, psychologist pose a threat to the public and the profession
at large when they provide unsubstantiated opinions by information obtained
through inadequate data sources or assessment techniques. Furthermore, Standard
9.02 on Use of Assessments suggests that “the validity and applicability of
assessment data can be severely compromised when testing is conducted in a
13

language the trained examiner is relatively unfamiliar with or uncomfortable with
using (Fisher, 2013).” Lastly, the Standards for Educational and Psychological
testing recommends that, whenever possible, psychologists should use test
translations that have been developed in accordance to established test construction
methods (Fisher, 2013; APA, 2002).

Research Questions

Question 1: Do Florida Tech student-athletes from reported diverse cultural
backgrounds evidence significant differences in their neuropsychological test
performance compared to their majority group counterparts?
Question 2: Do Florida Tech student-athletes who endorse English as a second
language perform significantly different in neuropsychological English-only
assessments than those who endorsed English as their first language?

Methods

Participants
Data from a total of 479 National Collegiate Athletic Association (NCAA)
Division II student athletes from the Florida Institute of Technology were utilized
in this study. These student-athletes had no indications of having sustained a
14

concussion at the time of testing yet sample included student-athletes with a history
of SRCs. Specifically, 22.7% (SD=.77) self-reported having sustained at least one
previous SRC. Data was collected during the 2015-2016 and 2016-2017 athletic
season, and they represented athletes from 14 sports and 22 teams including:
baseball, Women’s and Men’s Cross Country, Women’s and Men’s Golf, Women’s
and Men’s Rowing, Women’s and Men’s Soccer, Women’s and Men’s Swimming,
Women’s and Men’s Tennis, Women’s and Men’s Track and Field, Women’s and
Men’s Basketball, Softball, Volleyball, Football, Cheerleading, and Women’s and
Men’s Lacrosse. The average age of participants was 19.84 (SD=1.62) (36.3%
females, 63.7% males) with an average education level of 13.56 (SD=1.27) years.
With regards to linguistic abilities, 76% of student-athletes reported English as
their first language whilst the remaining 24% reported another native language. See
Table 5. Ethnic background was determined through student athlete’s self-report.
55.5% of the student athletes reported being White North American, 28% African
American, 5.8% reported Hispanic/Latino, 19.6% self-reported being European,
and 2.7% (SD=) Other. See Table 4.
All participants in this study completed the various measures as part of a mandatory
annual concussion management baseline testing. They provided their informed
consent prior to engaging in any neurocognitive assessment. Participants will
receive no incentive or compensation for completing measures.
A specific proposal for the present study was approved by the Institutional
Review Board (IRB) at the Florida Institute of Technology. During the Concussion
15

Education Session at the preseason collection of baseline information, all potential
participants consented to allow their de-identified information to be used for
research purposes.
Table 1. Demographic Characteristics of the Sample
N
479
476
475
474

Age
Education
History Prior Concussion
Hours of Sleep

Mean
19.84
13.56
.35
7.25

SD
3.988
1.27
.766
1.35

Table 2. Demographic Characteristics of the Sample by Ethnicity
Hispanic/Latino
African American
European
White-North American
Other
Total

N
28
78
94
266
13
479

%
5.8
16.3
9.9
55.5
2.7
100

Table 3. First language of the Sample

English as a Second Language
English as a First Language

N
113
365

%
23.6
75.4

Materials

Patient Health Questionnaire -9 (PHQ-9). Mood difficulties including
sadness, depression, and—in worse case scenarios—suicidal ideation can be
identified in athletes experiencing concussion symptoms. The NCAA’s Handbook
16

of Mind, Body, and Sport (2014) identified screening student-athletes for emotional
concerns such as depression as “best practice” for establishing mental health
services and support at the collegiate level. They further identified the Patient
Health Questionnaire (PHQ-9) as a useful tool used to assess depressed mood in
student-athletes. The PHQ-9 is a brief and versatile instrument used by mental
health professionals and others to screen, diagnose, monitor, and measure
depressed mood (Pfizer, 1999). The latest PHQ-9 version incorporates diagnostic
criteria from the Diagnostic and Statistical Manual- 4th edition (DSM-IV) and other
agreed upon depression symptoms. This tool assesses the appearance and severity
of these symptoms which factor into the severity index score. It further assesses
the presence and duration of suicidality. Lastly, a follow-up, non-scored, item on
the PHQ-9 encourages the rater to identify the effects of the reported depressive
symptoms in their daily functioning. Researchers and practitioners agreed the PHQ9 is a reliable and useful measure within clinical practice (Pfizer, 1999). It is
completed by the patient in less than 5 minutes, and the scoring procedure requires
minimal time and effort. Clinicians can repeatedly use the instrument as a way to
assess progress, stability, or further mood deterioration. Patients are encouraged to
rate the various items using a 4-point Likert Scale (0=Not at all, 1= Several Days,
2= More than half the days, 4= Nearly every days). Items refer to feelings of
anhedonia, negative mood, insomnia or hypersomnia, fatigue, diet changes, selfesteem, concentration, psychomotor retardation, and suicidality or self-harm.
Validity tests demonstrated significant correlation between scores and depression
17

(Kroenke, Spitzer, & Williams, 2001). PHQ-9 can also be used for treatment
selection and monitoring with scores between the 10-14 range considered to be
minor depression and scores above 20 major or severe depression. See Appendix
A.
Sports Concussion Assessment Tool 3rd edition (SCAT3). The SCAT3
(2012) is a widely used objective and standardized neuropsychological measure
used to facilitate the identification of SRCs. This tool superseded the SCAT and
SCAT2 developed in 2005 and 2009, respectively. The SCAT3 was developed by
an expert panel in 2012, and is intended to be used in teen and adults between the
ages of 13 and older. This tool is only available in English. The SCAT3 is intended
to be used solely by professionals, and can be administered pre-sport participation
to assess cognitive baseline functioning of the athletes. Included in the SCAT3 are
commonly used measures including the Standardized Assessment of Concussion
(SAC; McCrea et al. 1998), a modified Balance Error Scoring System (BESS;
Riemann, Guskiewicz, & Shields, 1999), and a post-concussion scale modelled
after the Post-Concussion Scale (PCS; Lovell & Collins, 1998).
The SCAT3 takes approximately 20-30 minutes to administer including the
time it takes for scoring the measure. The examiner computes a composite score
that encompasses the (a) the Standardized Assessment of Concussion (SAC) score
that includes orientation score, immediate and delayed recall score, and a
concentration score; the (b) balance assessment score; and (c) the coordination
score. A total severity and total symptoms endorsed in the Post-Concussion
18

Symptom Scale (PCS) is also computed by the examiner with a total severity score
of 132 and a total symptom endorsed score of 22. See Appendix B.
ImPACT. The Immediate Post-Concussion Assessment and Cognitive
Testing (ImPACT) Test was developed in 2000 by Lovell and collaborators in an
effort to increase the availability of neuropsychological testing within the athletic
setting (Lovell, Collins, Podell, Powell, & Maroon, 2000; Maroon et al., 2000;
Collins, Lovell, Iverson, Ide, & Maroon, 2006) Test Battery. This tool is intended
to be used by healthcare providers and other practitioners to evaluate and manage
suspected concussions (ImPACT, 2012). Since its first appearance, it has been
considered “the most rigorously validated” computerized neuropsychological
assessment specifically developed for athletes (ImPACT, 2011). The ImPACT is
not a diagnostic tool and test developers recommend against users making returnto-play decisions based solely on ImPACT scores. Researchers described this tool
as useful tool for the assessment of the neurocognitive and neurobehavioral
sequelae of SRCs and also as a highly reliable guide that can assist in making
return-to-play decisions (Schatz, Pardini, Lovell, Collins, & Podell, 2006). This
computerized neuropsychological test is composed of a series of tasks that aim to
test an athlete’s attention, memory, reaction time, and information processing
abilities. According to the ImPACT (2012) Manual, this assessment consists of 6
composite scores including the Memory Composite (Verbal), the Memory
Composite (Visual), the Visual Motor Speed Composite, the Reaction Time
Composite, the Impulse Control Composite, and the Total Symptom Score. Similar
19

to the SCAT version 3 and 5, ImPACT also makes use of the PCS Scale for
symptom reporting. The Verbal Memory Composites score evaluates an athlete’s
attentional processes, learning, and memory within the verbal domain. It represents
the average performance scores on 3 different tasks: Word Memory, Symbol
Match, and Three Letters. The Visual Memory Composite score evaluates visual
attention and scanning, learning, and memory. This composite score represents the
average performance score in the Design Memory task and the X’s and O’s task.
The Visual Motor Speed Composite score’s measured abilities indicate visual
processing skills, learning and memory, and visual-motor response speed. This
composite score is calculated using some aspects of the X’s and O’s task and the
Three Letters task. The Reaction Time Composite score evaluates an athlete’s
average response speed, and represents the average of some aspects of the X’s and
O’s task, as well as the Symbol and Color Match tasks. Lastly, the Impulse Control
Composite score provides a measure of errors committed by athletes during testing
and is commonly used as a measure of test validity, with scores above 30 viewed as
invalid. This validity measure is obtained by adding Total Interference score in the
X’s and O’s task plus the Color Match Total Commissions score. Other indicators
that help determine if examinees provide a good effort include a performance of
less than 69% on Word Memory or Design Memory tasks, and a score less than 8
on the Three Letters Total Letters Correct.
Rey Word Recognition Test. The Rey Word Recognition Test (RWRT) is a
neurocognitive performance validity test developed by Andre Rey in the mid
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1940s. Test administration and scoring is relatively simple, taking less than 5
minutes to complete both. A list of 15 unrelated words is read once to the studentathlete. After the examiner has read the list of words and following a short 5 second
delay, the student-athlete is handed a sheet of paper containing both target and
intrusion words. The student-athlete is encouraged to circle the words he/she may
recall from the previously presented list. The examiner then records the number of
accurately identified words, number of intrusions, and total number of correct
words identified that correspond to the first half of the presented list. Nitch and
collaborators (2006) concluded a cutoff score of < 7 for females and <5 for men
with the majority of the words recognized pertaining to the first 8 words on the list.
They also described the RWRT an accurate and cost-effective method for the
detection of sandbagging cognitive performance (Nitch, Boone, Wen, Arnold, &
Alfano, 2006). See appendix D.
Rey Dot Counting Test. Andre Rey developed the Dot Counting Test
(RDCT) in 1941 as a test of malingering where individuals were presented a series
of 12 cards with varying amounts of dots and types of dot arrangements on each
card. In his tool, cards 1–6 contain dots printed in a disorderly fashion, while the
other half of the cards contained dots organized into “easy-to-count” arrangements.
Rey (1941) suggested honest test takers would take proportionally longer to count
disorganized cards with more dots, and he further expected an insignificant
relationship in the organized cards due to the process of heuristic counting.
This study followed a similar structure of the DCT provided by Boone et al.
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(2002). A total of 12 cards were printed out on 5 by 6.75 in cards. Cards 1-6
contained dots (1/16 diam.) arranged in an orderly fashion, while the second half of
the set contained dots organized in an “easy-to count” manner. Trained examiners
administered the DCT in a standardized fashion as well as recorded response times
to the whole second with a default time of one second for any response time faster
than a second. See appendix E.

Procedure
Student-athletes were administered a fixed battery of neuropsychological
assessments, including computerized neurocognitive testing, balance evaluation,
symptom checklist, and a screening for mood or emotional functioning. Testing
consisted of a PHQ-9, SCAT-3, Rey WRT, Rey DCT, and online ImPACT
administration as part of the Florida Institute of Technology’s preseason baseline
evaluation protocols. This group baseline assessment procedure that is a mandatory
requirement for all Florida Tech collegiate student-athlete in order to begin sports
participation. The baseline assessment session was conducted at the Florida
Institute of Technology Harris Commons Building during the end of Summer
beginning of Fall terms. Student-athletes completed the aforementioned
assessments in two different settings including a computer laboratory as well as
private testing rooms. Prior to beginning the assessment, students were encouraged
to read and sign an informed consent form, as well as participate from a sports
related concussion education presentation given by trained Florida Tech Clinical
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Psychology doctoral students members of the University’s Sports Concussion
Management Program. Participants were given the opportunity to raise questions
and seek clarification of the informed consent, psychoeducation, as well as the
various tasks they were asked to complete. Once participants signed their respective
consent forms and received psychoeducation on SRC management and
identification, they were prompted to complete the PHQ-9 in a group or individual
setting. This task was relatively short, taking less than 5 minutes to complete.
Participants were then asked to hand this depression screener to their respective
trained examiner for further interpretation. Participants with a score of 1 or above
on item #9 were deemed at risk and a suicide risk assessment was conducted by an
advanced level doctoral student under supervision of licensed psychologist. In each
of the baseline testing sessions, participants were split up in two different groups of
approximately 15-20 student-athletes. One group was directed into the computer
laboratory where the ImPACT was administered in English. Participants in this
group also received a brief presentation where they were guided to set up their test
profiles. At least 2 clinical psychology students were proctoring these computerized
testing sessions, ensuring that participants stayed on task with limited distractions.
Participants in this session were given noise-cancelling devices to reduce
environmental noise that could potentially interfere with participant’s test
performance. This task took approximately 30 minutes until completion, unless the
profile was deemed invalid and the student-athlete was asked to retake the
assessment immediately after. Participants were allowed to leave the computer
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laboratory once finished with computerized assessment. Participants who finished
the ImPACT were then asked to have a seat in a waiting area until a trained
examiner was available for balance testing. Simultaneously, participants in the
second group met individually with a trained examiner to complete the remaining
assessments including the SCAT 3 or SCAT5, the Rey Word, and the Dot Counting
Test. Once finished with balance testing, the student-athletes in this group were
asked to wait patiently in the computer laboratory until the rest of their cohorts
were ready to commence computerized test administration.

Results

Linguistic Abilities and Symptom Reporting Scores. All analyses were
conducted using IBM SPSS version 24.0. A series of multivariate ANOVAs were
conducted. First, two demographic variables related to first language were selected
as independent variables, and test performance on the various neuropsychological
measures was identified as the dependent variable. The two independent variables
were: English as a First Language and English as a Second Language. The three
dependent variables were as follows: Symptom Reporting Scores, SCAT3 Scores,
Malingering Scores, and ImPACT Scores. Comparison of mood-symptom
reporting on PHQ-9 as well as Total Symptom Score and Total Severity Score on
the SCAT-3 symptom scale for English as a first language resulted in a statistically
significant difference (Wilk’s  = 0.98, F (3, 474) = 3.08, p =.03). The univariate
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comparisons demonstrated that student-athletes who self-reported English as a
second language endorsed more SRC related symptoms (M= 1.87, SD= 2.44) on the
SCAT-3 at the time of preseason baseline testing F (1, 476) = 3.77, p=.05).
First language and SCAT-3 Scores. Comparison of first language and
subscale scores on the SCAT-3 resulted in a statistically significant difference,
Wilk’s =0.91, F (5, 468) = 9.23, p<.001. The univariate comparisons suggested
that student-athletes who self-reported English as a first language scored higher on
the Immediate Memory Tasks (M= 14.4, SD=0.91) F (1, 472) = 28.92, p<.001; and
the Digits Backwards task (M=2.91, SD=.096) F (1.472) = 4.1, p= .04) of the
SCAT-3 during preseason baseline testing. See Figure 3. On the other hand,
student-athletes who self-reported English as a second language scored higher on
the Delayed Recall task (M=3.81, SD=1.31), F (1, 472) = 14.19, p=<.001 of the
SCAT-3 during preseason baseline testing. Cross tabulated frequencies can be seen
in Table 4.
To further investigate unexpected findings in comparisons between first
language and SCAT-3 scores, a One-Way ANOVA was conducted. There was no
statistically significant difference between first language and SAC Score as
determined by one-way ANOVA (F (1, 476) =.655, p= .457).
Table 4. Crosstabulation Analysis Delayed Recall of SCAT-3.

First Language
English

Delayed Recall SCAT-3
0
1
2
3
4
5
Total
No N 1
3
6
8
38
57
133
% 0.9 2.7 5.3 7.1 33.6 50.4 100
Yes N 8 26 35 68
95 133 365
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% 2.2 7.1 9.6 18.6 26.0 36.4

100

First language and Malingering. There were no statistically significant
differences found between student athlete’s first language and their scores on the
various malingering measures. Similarly, there were no statistically significant
differences between student-athletes self-reported first language and ImPACT
composite scores.
Figure 3. Significant Findings Related to First language and Delayed Recall Scores
of the SCAT3.

On the next series of multivariate ANOVAs conducted, a set of 5
demographic variables related to ethnic background were selected as the
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independent variables, and test performance on the various neuropsychological
measures were identified as dependent variables. The 5 demographic variables
included: White North Americans (USCau), South and Caribbean Americans
(SACA), African Americans (USAA), Europeans (EU), and Others. Dependent
variables were organized as follows: Symptoms Reporting Scores, SCAT3 Scores,
Malingering Scores, and ImPACT Composite Scores.
Ethnicity and ImPACT Scores. Comparisons between student-athlete’s
ethnic background and test performance on ImPACT, Wilk’s = 0.92, F (20,
1,466) = 2.06, p<.001—mainly—on the Reaction Time Composite Score (M= 0.59,
SD= 0.79) F (4, 470) = 5.87, p = <.001. Post-Hoc analyses demonstrated that
African Americans student-athletes had a higher Reaction Time Composite Score
than their White North American (p = .05) and European counterparts (p< .001).
On the same line, South American and Caribbean American student-athletes had a
higher reaction time than their European counterparts (p=.05).
Ethnicity and Malingering. There was a statistically significant difference
between ethnic background and test performance on the Rey Dot Test, a
malingering measure, Wilk’s = 0.92, F (20, 1550) = 1.95, p=.05. Univariate
comparisons showed a significant difference when observing Total Time
Ungrouped F (4, 471) = 2.74, p=.05; Total Time Grouped F (4, 471) = 5.69, p=.05;
and DCT Errors, F (4, 471) = 2.67, p=.05. Post-Hoc Analyses demonstrate that the
African American group evidenced more DCT Errors (M=1.61, SD=1.33) during
time of preseason testing (p=.03). Furthermore, student-athletes from South
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America and the Caribbean had a higher Total Ungrouped Time (M=32.72,
SD=7.75) than student-athletes from Europe (p=.047). Univariate comparisons also
demonstrated that White North American student-athletes had a significantly lower
Total Time Grouped (M=13.50, SD=5.24) than their African American counterparts
(p=.003), yet they scored significantly lower than their European counterparts (p<
.001). On a different malingering measure—the Rey Word Test—results did not
yield statistically significant difference between ethnic groups.
Ethnicity and SCAT-3 Scores. There was a statistically significant
difference between ethnic background and test performance on the SCAT-3, Wilk’s

 = 0.88, F (20, 1,546) = 3.07, p<.001; mainly when looking at delayed recall
scores F (4, 470,) = 5.91, p<.001; SAC Subtotal Scores F (4, 470) = 5.47, p<.001;
Immediate Memory Scores F (4, 470) = 5.41, p<.001, and Months Backwards
Scores F (4, 470) = 2.66, p=.03. Post-Hoc analyses indicated the White North
American, European, and Other group scored significantly higher on Delayed
Recall (M= 3.81, SD= 1.30) than the African American group (p=.02).
Furthermore, The White North American and European groups scored higher on
the SAC Subtotal score (M= 26.88, SD=2.06) than the African American group
(p<.001, p=.02 respectively). The White North American group scored
significantly lower than the European group of student athletes on the Immediate
Memory task (M= 14.38, SD=.91) of the SCAT-3 during preseason baseline testing
(p<.001). The African American group scored lower on Months Backwards (M=
.84, SD= .36) than the European group (p=.05). See Figure 4.
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Figure 4. Significant Findings Related to Ethnicity and SCAT-3 Scores.

Ethnicity and Symptom Reporting. There were no statistically significant
differences found between ethnic background and SRC symptom endorsement.

Discussion

Review of Results
The current study was designed to evaluate the potential effects of
cultural factors—ethnic background and first language—in collegiate studentathletes during preseason baseline testing of neurocognitive functioning on
commonly used assessments to detect SRCs. As predicted, results suggested there
are significant variations found in student-athlete neurocognitive performance on
commonly used measures of SRC based on a student-athlete’s first language and
ethnicity. However, these significant differences are small and mainly observed
when investigating individual subscales of tests and tasks of the various
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neuropsychological measures used to assess SRCs, and not as often in the overall
score of each measure.
Symptom Reporting. Student-athletes who endorsed English as a first
language endorsed significantly less SRC related symptoms on the SCAT-3 during
preseason baseline testing. Although, total number of symptoms was higher for
Non-English-speaking student-athletes, severity scores remained somewhat
consistent across both groups. When investigating preseason symptom reporting
attitudes across ethnic groups there were no significant difference found in total or
severity scores. It should be noted, that student-athletes that participated in this
study had no signs or symptoms of having experienced a SRC at the time of testing.
Thus, it would be beneficial to investigate whether symptom reporting attitudes
significantly vary across ethnic groups and first language when there is a suspected
SRC.
Ethnicity and Neurocognitive Performance. Regarding, between group
differences and neurocognitive performance on neuropsychological measures that
assess SRC, the test results suggested both expected and surprising findings. This
study suggests that student-athlete’s ethnicity—particularly those student-athletes
that identify as part of the African American community—evidenced lower scores
in Reaction Time Composite scores on ImPACT. African American student
athletes took longer to initiate a motor response when reacting to a presented
stimulus. Research in this area appears to be conflicting. Kontos and collaborators
(2010) found no significant differences in neurocognitive performance on ImPACT
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between White North Americans and African American athletes. The suggested
that preseason ImPACT test was “culturally equivalent” and construct valid for use
with White North American and African American athletes. Similar to this study,
Jones et. Al. (2014) suggested that sociocultural differences may result in
difference in computer-based neuropsychological testing
Several theories to explain this phenomenon were entertained. For this
particular study, the researcher explains these results by attributing significant
findings to the influence of acculturation and differences in cultural experiences
between White North American and European athletes compared to their African
American counterparts. Unfortunately, African American student-athletes
experience negative effects of lower socio-economic status and poorer education
opportunities more frequently than the other groups assessed in this study.
Consistent with Kennepohl and collaborators (2004) variations in cultural
experiences may be an important factor in the neuropsychological assessment of
African Americans. Like Kennepohl’s et.al. (2004), this research also offers added
support to the hypothesis that cultural factors are likely to account for the
difference among ethnic groups on neuropsychological tests.
First Language and Neurocognitive Performance. Perhaps the most
surprising outcome of this study pertains to the results involving memory and first
language. Contrary to what was expected, this study suggests that student-athletes
who self-reported English as a second language were able to recall more words
following a short delay in a Delayed Recall task on the SCAT-3 than their English
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as first language counterparts. More specifically, 50% of English as a second
language student-athletes were able to recall all 5 words, versus the 36.4% of the
English as a first language who were able to recall all 5 words. Even more
surprising, English as a first language student-athletes were able to recall more
words on the Immediate Recall task (56%) of the SCAT-3 than the English as a
second language group (43%). This suggest there was a peculiar loss and gain of
information among groups throughout the memory task. When looking at overall
scores, these differences seemed to balance out as there were no significant
difference in the SCAT-3 SAC score. At first glance, this pattern might seem
counterintuitive. However, there has been research that suggests increased memory
skills in bilinguals (Bialystok, 1999; 2010). One proposed explanation indicates
that bilingual individuals have increased executive control abilities which in turn
promotes memory functioning (Bialystok, 1999; 2010). Wodniecka and colleagues
(2010) also suggested bilingual performance may be compromised in memory tasks
involving verbal materials.

Limitations and Future Directions

Although this research was carefully prepared, there are limitations and
shortcomings associated with it that are important to acknowledge. Perhaps, one of
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the most salient limitations in this study is that it belongs to issues with this littleresearched field that inherently creates gaps in the knowledge base that need to be
filled to provide better interpretation of results. Based on these results, next steps
should focus in building a stronger overall evidence base. Larger groups of varying
ethnicities and language preference should be involved. Furthermore, the
formulation of research and objectives appeared to be too broad and these could be
narrowed further so that level of focus of this study increases. Researchers are
encouraged to further explore effects of language on memory tasks. While the
present sample size of this study was than most of those samples in the literature
that addressed socio-cultural factors and neurocognitive performance on SRCs
measures, the size still was smaller than desirable. As such, it would add
confidence to the generalizability to have a larger sample.
Conclusions
Sports participation is a universal phenomenon. Student-athletes from
diverse backgrounds make up a large percentage of the overall student-athlete
population in the United States. These diverse ethnic groups bring with them
cultural factors that include—but are not limited to—language and other cultural
variables. Despite the multicultural nature of sports and athletics, and the relatively
high incidence of sports-related concussions (SRCs) in this setting, few researchers
have investigated the potential effects of cultural factors on a student-athlete’s
neuropsychological test performance on tools commonly used to detect and assess
SRCs. Most, if not all, of the neuropsychological tools used to assess SRCs have
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been developed with minimal consideration to cultural differences inherently
present in a very diverse United States student-student-athlete population (NCAA,
2016). This issue may pose a threat to the adequate detection, diagnosis, and
management of SRCs within the minority collegiate student-athlete populations in
the United States.
The results of this study suggest that when looking at individual tasks to
make SRC related determination, neuropsychologists and other health care
professionals in charge of the well-being of collegiate athletes that have sustained a
SRC must remain aware of how socio-cultural factors may influence test results
and—in turn—cloud the diagnosis and treatment of them. However, when looking
at neuropsychological performance as a whole during preseason baseline testing,
there seems to be minimal variations between ethnic groups. Nonetheless, plenty of
research supports that socio-cultural factors play an important and role in
neurocognitive assessment and suggests that neuropsychologist and other health
professionals should be aware of these differences in order to adequately manage
SRCs. Moreover, the need to constructing culturally sensitive measures is
highlighted. Test developers are encouraged to translate commonly used SRC
related assessment into other languages to improve accessibility of adequate
treatment and management within non-English speaking populations. With regards
to clinical significance, results in this investigation encourages practicing clinicians
and other health practitioners to take into consideration and be more sensitive to
cultural aspects—that often go unnoticed—of student-athletes that affect testing
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performance. Practitioners that engage in this culturally sensitive practice will be
more likely to uphold important ethical standards associated with testing minority
populations and will also adopt a fairer testing approach.
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